Aims/hypothesis New diagnostic criteria for gestational diabetes mellitus (GDM) have recently been published. We wished to evaluate what impact these new criteria would have on GDM prevalence and outcomes in a predominantly European population. Methods The Atlantic Diabetes In Pregnancy (DIP) programme performed screening for GDM in 5,500 women with an oral glucose tolerance test at 24-28 weeks. GDM was defined according to the new International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria and compared with previous WHO criteria; maternal and neonatal adverse outcomes were prospectively recorded. Results Of the participants, 12.4% and 9.4% were diagnosed with GDM using IADPSG and WHO criteria, respectively. IADPSG GDM pregnancies were associated with a statistically significant increased incidence of adverse maternal outcomes (gestational hypertension, polyhydramnios and Caesarean section) and neonatal outcomes (prematurity, large for gestational age, neonatal unit admission, neonatal hypoglycaemia and respiratory distress). The odds ratio for the development of these adverse outcomes remained significant after adjustment for maternal age, body mass index and nonEuropean ethnicity. Those women who were classified as having normal glucose tolerance by WHO criteria but as having GDM by IADPSG criteria also had significant adverse pregnancy outcomes. Conclusions/interpretation GDM prevalence is higher when using newer IADPSG, compared with WHO, criteria, and these women and their offspring experience significant adverse pregnancy outcomes. Higher rates of GDM pose a challenge to healthcare systems, but improved screening provides an opportunity to attempt to reduce the associated morbidity for mother and child.
Introduction
It has long been recognised that overt diabetes diagnosed during pregnancy is associated with significant levels of perinatal morbidity, such as macrosomia and neonatal hypoglycaemia [1] , but the association between lesser degrees of glucose intolerance and morbidity had not been definitively proven until the publication of the Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO) study [2] . The authors found significant continuous associations between maternal glucose and adverse pregnancy outcomes for mother and offspring at glucose levels below those generally accepted as indicative of overt diabetes [2] . Based on these results and other studies, the International Association of Diabetes and Pregnancy Study Groups (IADPSG) recently issued a consensus statement on new criteria for the diagnosis of gestational diabetes mellitus (GDM) [3] . While the HAPO study has added greatly to our understanding of the significance of even relatively subtle deteriorations in glycaemic control, a significant number of participants were of non-European ethnicity, rendering interpretation of the results in a predominantly European setting difficult.
Accurate up-to-date data on the incidence of hyperglycaemia in pregnancy in Ireland are lacking. It has been over a decade since Irish prevalence figures for overt diabetes of 2.7% were published [4] . In the intervening time, the prevalence of obesity [5] and immigration of individuals of non-European descent [6] -both risk factors for diabetes mellitus-have increased significantly. The current practice for screening for GDM varies across different centres in Ireland. In the region of our study, the standard practice is to perform a fasting or random glucose test at booking in those with risk factors such as previous GDM, ethnic minority, older age, glycosuria, family history of diabetes mellitus, history of macrosomia or early fetal loss. An OGTT is performed at 24-28 weeks if the initial evaluation is normal. The criteria for diagnosing GDM have, until recently, been based on WHO recommendations [7] . During the period of the study, universal screening was employed.
The aims of our study were to determine the prevalence of GDM using the new criteria in a predominantly European population and to quantify the associated adverse maternal and neonatal outcomes, in particular in those women diagnosed using the newer criteria only.
Methods
Patient selection Atlantic Diabetes In Pregnancy (DIP) is a multicentre study involving five antenatal centres along the Atlantic coast of Ireland. Established in 2006 following approval from the local ethics board, one of its aims is to determine the prevalence of hyperglycaemia in pregnancy and the associated short-and long-term maternal and fetal outcomes [8, 9] . Pregnant women whose last menstrual period occurred between September 2006 and March 2009 were eligible to participate in Atlantic DIP. All study participants gave informed consent and full ethical approval was obtained from the local ethics committee.
Diagnostic criteria Atlantic DIP offered universal screening for GDM by means of a 75 g OGTT at 24-28 weeks. During the course of the study, GDM was diagnosed according to WHO criteria, which classify overt diabetes as fasting and 2 h glucose ≥7.0 and ≥11.1 mmol/l respectively, and impaired fasting glucose and impaired glucose tolerance as fasting and 2 h glucose of 6.1-6.9 and 7.8-11.0 mmol/l respectively [7] . If GDM was diagnosed, the woman was given advice on dietary and lifestyle modification and instructed in the selfmonitoring of blood glucose. If fasting and 1 h postprandial glucose targets of <5.5 and <7.8 mmol/l respectively were not achieved on lifestyle measures alone, insulin therapy was instigated. In order to examine the effect of the application of the new IADPSG criteria on prevalence and outcomes, we applied the cut-off values for a diagnosis of GDM of fasting, 1 or 2 h glucose ≥5.1, ≥10 or ≥8.5 mmol/l, respectively [3] . In addition we assessed outcomes in women who were diagnosed with GDM on the basis of IADPSG criteria alone (that is, had normal glucose tolerance according to WHO criteria and were therefore not treated as GDM). Table 1 shows a comparison of the IADPSG, WHO and ADA diagnostic criteria.
Outcomes Various maternal and neonatal outcomes were prospectively recorded. Maternal outcomes recorded were: hypertensive disorders of pregnancy (gestational hypertension and pre-eclampsia); polyhydramnios; mode of delivery (normal vaginal delivery or Caesarean section); and anteand postpartum haemorrhage.
Neonatal outcomes recorded were: live birth rate; congenital malformation rate; premature delivery (defined as delivery before 37 weeks gestation); birthweight; macrosomia (defined as birthweight >4 kg); large for gestational age; small for gestational age; admission to neonatal intensive care unit; duration of stay in neonatal intensive care unit; Apgar score at 5 min; shoulder dystocia; neonatal [19] hypoglycaemia; neonatal jaundice; and neonatal respiratory distress.
Statistical analysis Statistical analysis was carried out using SPSS version 18. Categorical variables were reported as frequencies (%) and continuous variables were reported using mean (standard deviation) or median (range). Pearson's χ 2 test was used to compare the difference in proportions while the independent sample t test was used to compare the difference in the means. A p value of <0.05 was taken to signify statistical significance. Logistic regression was used to calculate odds ratios and 95% confidence intervals for the risk of development of outcomes associated with GDM. A 95% CI that did not cross 1 was taken as statistically significant. All results were adjusted for potential confounders of maternal age, BMI and ethnicity.
Results
Prevalence and characteristics of women with GDM A total of 12,487 women were identified and invited to enrol in the study. Of these, 3,237 (25.9%) refused to participate, and 3,742 (30.0%) consented but did not attend for their first study visit. This left 5,500 (44.0%) who completed the study and whose data are presented below. Those who consented were slightly older (31.5± 5.5 vs 30.5±5.8 years, p<0.0001) and more overweight (BMI of 26.9±5.1 vs 25.9±4.5 kg/m 2 , p<0.0001) than those who did not, but there was no difference in ethnicity.
The mean (±SD) age was 31.5±5.5 years, mean (±SD) BMI was 26.9±5.1 kg/m 2 , and median (range) parity and gravida were 1 (0-9) and 2 (1-14), respectively. There were 391 (7.1%) participants of non-European descent. There was a history of diabetes in a first or second degree relative in 1,758 (32.0%) and there was a history of previous early fetal loss in 1,256 (23%).
Glucose results Median (range) fasting, 1 and 2 h glucose values on OGTT were 4.3 (3-12.2), 6.8 (2.4-17.5) and 5.3 (1.8-18.7)mmol/l, respectively. Using the new (IADPSG) criteria, 680 participants (12.4%) had GDM, compared with 520 (9.4%) according to WHO criteria. IADPSG criteria for GDM were satisfied in 394 (7.2%) women on fasting glucose, 342 (6.3%) at 1 h, and 249 (4.6%) at 2 h. There were 204 women (3.7%) with a fasting glucose diagnostic for IADPSG GDM, but with normal 1 and 2 h glucose levels. Similarly, there were 142 women (2.6%) in whom IADPSG GDM was diagnosed based on 1 h glucose alone and 77 (1.4%) based on 2 h glucose alone. A diagnosis of overt diabetes based on a fasting glucose level of ≥7.0 mmol/l was reached in 25 women (0.5%), but markedly elevated 1 and 2 h glucose levels ≥11.1 mmol/l were present in 176 (3.3%) and 46 (0.8%) respectively. There were 13 women (0.2%) in whom overt diabetes was based on fasting glucose alone, 129 (2.3%) on 1 h glucose alone and 11 (0.2%) on 2 h glucose alone.
Of the 520 women with WHO-defined GDM, 93 (17.9%) required insulin in addition to dietary modification to achieve adequate glycaemic control. Of these women, 33% were prescribed with a long-acting insulin (isophane), and 66% were prescribed with short-acting insulin analogues (Actrapid Adverse maternal outcomes Table 2 shows the prevalence of the maternal adverse outcomes recorded and Table 3 the associated ORs (95% CI) for developing these complications associated with a diagnosis of IADPSG-defined GDM. There were significantly more cases (and associated increased odds ratios) for gestational hypertension, polyhydramnios and Caesarean section rates in women with GDM. While there were more cases of pre-eclampsia and fewer normal vaginal deliveries in the GDM group, the odds ratios for these variables did not reach statistical significance. There was no difference in rates of ante-or post-partum haemorrhage (data not shown). The majority of Caesarean sections in the GDM group were elective (n=132; 53.7%), but emergency in the normal glucose tolerance group (n=621; 53.3%), p=0.04. The increased odds of Caesarean section associated with GDM remained significant after adjustment for hypertensive disorders of pregnancy. Adverse neonatal outcomes Table 4 shows the prevalence of the neonatal adverse outcomes recorded and Table 5 the ORs (95% CI) for those outcomes that were found to be statistically significant in Table 4 . There was no difference in the live birth or congenital malformation rates between the two groups. An earlier mean week of delivery translated into higher rates of prematurity with a 70% increased risk in women with GDM. Although there was no difference in mean birthweight and only borderline increased rate of macrosomia, there was a 30% and 60% increased odds ratio for large and small for gestational age, respectively, in women with GDM. After adding smoking history, hypertensive disorders of pregnancy and insulin use to the statistical model, GDM was no longer a predictor of small for gestational age babies, but smoking was independently associated with the condition; OR 4.0 (1.0-15.9), p=0.05. Babies born to mothers with GDM were almost four times more likely to be admitted to a neonatal intensive care unit, though their length of stay was significantly shorter. Neonatal hypoglycaemia and respiratory distress were significantly more likely in the GDM group, but there were no differences in Apgar scores, or rates of shoulder dystocia or neonatal jaundice.
There were 258 women who were diagnosed with GDM using IADPSG criteria but normal glucose tolerance using WHO criteria. Thus these women were untreated and were therefore similar to participants in studies by Crowther et al. [10] and Landon et al. [11] . Compared with IADPSG criteria-defined normal glucose tolerance, these women had higher incidence of gestational hypertension (15% vs 7.5%, p<0.0001), pre-eclampsia (7.1% vs 4.0%, p=0.03), and Caesarean section rates (35.2% vs 24.9%, p<0.0001). In terms of neonatal outcomes, there were higher rates of macrosomia (28.8% vs 17.0%, p=0.02), large for gestational age (26.8% vs 16.2%, p<0.0001) and neonatal intensive care unit admission (16.5% vs 9.1%, p<0.0001) in this group. There were no other differences in maternal or neonatal outcomes in this group compared with women with IADPSG-defined normal glucose tolerance.
Discussion
Using the new IADPSG criteria we identified a prevalence rate of GDM of 12.4% in a mainly European population. This was higher than the rate of 9.4% that was observed when WHO criteria (with higher fasting and 1 h, but lower 2 h glucose cut-offs) were applied. Worldwide, reported prevalence rates of GDM depend on which diagnostic criteria are used and have ranged from 1% to 14% [12] . It has been estimated that, if the new criteria were applied to the HAPO cohort, the prevalence of GDM (including overt diabetes) would be 17.8% [3] . Reasons for the lower rate in our study compared with the study by Metzger et al. [2] may include a higher European-origin population (92.9% compared with 48.3%) and lower mean BMI (26.9±5.1 compared with 27.7±5.1 kg/m 2 ). A recent study comparing IADPSG to ADA criteria found a threefold increase with the newer criteria, although this was in a high-risk ethnic group [13] . The application of these new diagnostic criteria for GDM will result in a greater number of women receiving the diagnosis than with the previous criteria, which will in turn have a significant impact on manpower and financial resources.
A limitation of our study was that the uptake was 44%. Those who refused or did not attend after initially consenting were statistically slightly younger and of a lower BMI, but there was no difference in ethnicity. It is possible, therefore, that the actual prevalence within the population as a whole may be slightly lower than the 12.4% identified in our study. However, it is important to note that complete data were not available for all the women who did not participate and the absolute differences seen were relatively small. We feel that, based on these findings, our sample is representative of the population at large in the region of our study.
A diagnosis of GDM was associated with a significant number of adverse maternal and neonatal outcomes. In the mother, there was a 30%, 50% and 250% increased risk of requiring a Caesarean section, or developing gestational hypertension or polyhydramnios, respectively. In the offspring, risk of prematurity was increased by 70%, large and small for gestational age by 30% and 60% respectively, and newborns were 4, 3.5 and 2 times more likely to be admitted to neonatal intensive care units, or develop neonatal hypoglycaemia or respiratory distress, respectively. Comparison of these outcomes with other studies assessing outcomes in women at levels of dysglycaemia similar to the new criteria is difficult. Unlike our study, Metzger et al. [2] , Crowther et al. [10] and Landon et al. [11] excluded women with greater degrees of hyperglycaemia. Considering this, the prevalence of the various maternal adverse events is similar to the 'routine care' groups in the Crowther et al. [10] and Landon et al. [11] studies. As expected, there were significantly fewer events in the HAPO study as these were women with lesser degrees of glucose intolerance than in our study [2] . An interesting finding is that of a higher Caesarean section rate in women with GDM, mainly as a result of more elective sections being performed. It is well accepted that GDM increases risk of Caesarean section [1] , but there is also evidence that this risk may be further increased by the coexistence of hypertensive disorders of pregnancy [14] . However, even after adjusting for those with hypertension, GDM was still predictive of Caesarean section.
In terms of neonatal outcomes, while increased risk of prematurity [15] and being large for gestational age [16] are well-recognised in association with GDM, the 60% increased risk of being small for gestational age was an interesting finding. There are multiple causes for being small for gestational age, including diabetes [17] . In order to clarify whether there was a confounding cause for this finding we added smoking history, the presence of a hypertensive disorder in pregnancy, and insulin use to our logistic regression model. We included insulin use as it has been suggested by some that excessive control of hyperglycaemia with insulin could result in reduced intrauterine fetal growth [18] . After adjustment for all these factors, we found that GDM was no longer predictive of small for gestational age, but smoking was associated with a fourfold increased risk, p=0.05. The higher rate of neonatal intensive care unit admission in neonates of GDM women was associated with shorter stays. This raises the possibility that these neonates were admitted there 'for observation' rather than for specific medical indications-a practice that could be employed by some centres covering large rural areas. The earlier week of delivery in the women with GDM may, in part, reflect the tendency to induce labour rather than letting term be reached, to avoid further intra-uterine growth, but the finding is in keeping with that of the HAPO study, which found an association between increasing maternal glucose levels and prematurity [2] .
We also wished to evaluate whether women who were classified as having GDM by IADPSG criteria but normal glucose tolerance by WHO criteria had any worse outcomes than women with IADPSG-defined normal glucose tolerance. We found higher rates of hypertensive complications of pregnancy, Caesarean section, macrosomia, large for gestational age and neonatal intensive care unit admission. In keeping with the findings of Metzger et al. [2] , upon which the new criteria are partly based, we found adverse outcomes in these women of relatively 'mild' hyperglycaemia.
There are a number of limitations to our study. It was conducted over five centres, and obstetric practice may differ slightly. However, this is indicative of routine clinical practice and makes the results more applicable to real-life clinical care. During the course of the study, the WHO criteria were used to diagnose GDM and decisions on treatment were based on this classification. Our application of the new criteria (which were published after the study was complete) makes it impossible to comment on the effect of hyperglycaemia treatment on outcomes in the study. Examining the effect of hyperglycaemia management was not an aim of the study and the application of the new criteria allows conclusions to be drawn on what outcomes are associated with these pregnancies in a less ethnically heterogeneous population than that of the HAPO Study [2] .
There are a number of important implications for future practice raised by this study. New criteria will result in a greater number of women being diagnosed with GDM. The higher Caesarean section and neonatal intensive care rates seen in GDM, independent of typical causative factors, raises the possibility that these women and neonates may be being treated differently as a result of the diagnostic label of GDM. While this may be appropriate in the majority of cases, the increasing numbers of women who will be diagnosed with the new criteria will put health systems under significant pressure and careful thought should be given, in each individual case, to whether Caesarean section and neonatal intensive care is really indicated.
Women who fulfilled the IADPSG criteria for GDM, but were of normal glucose tolerance using WHO criteria, experienced significantly higher adverse pregnancy outcomes, suggesting that the application of these new criteria is applicable to a mainly European population.
The identification of greater numbers of women with GDM using the new criteria will pose a significant challenge to healthcare systems already under pressure from financial and personnel perspectives, but it also affords an opportunity to diagnose these women and hopefully reduce the associated morbidity for mother and child.
